INTRODUCTION
The American Academy of Pediatrics Task Force on Newborn and Infant Screening recommends universal newborn hearing screening with identification of significant hearing loss (HL) by 3 months of age. 1 It is imperative in a universal public health program to confirm that all infants benefit from the program regardless of health insurance type. The state of Rhode Island established its universal newborn hearing screening program, the Rhode Island Hearing Assessment Program (RIHAP), in July 1993. 2 The information system (RITRACK) currently tracks more than 100,000 infant outcomes.
Previous discussions on quality management of newborn hearing screen programs have focused on clinical quality indicators including the screen rate, rescreen rate, and fail rates, but have not addressed the issue of positive and negative socioeconomic and demographic modifiers impacting on outcomes. 2 -5 The relationship between health insurance type and neonatal hearing screen system participation and screen outcome is currently unknown. Families with private insurance tend to have a higher income than families with managed care Medicaid, traditional Medicaid, or no insurance. In addition, managed care Medicaid families have incomes similar to families with traditional Medicaid, but have enrolled in a more comprehensive program with enhanced health care access. In August 1994, Rhode Island introduced a managed care option for families on Medicaid. All Medicaid recipients are eligible; however, not all families enroll. Although the goal of managed care is to improve service coordination to maintain a high quality of care, there has been some concern that managed care efforts may decrease access to subspecialty and support services. 6 -13 Additional demographic variables, which have been associated with less optimal infant outcomes or with barriers to care, include care in a neonatal intensive care unit (NICU), male gender, non-English-speaking parents, non-white race, and outborn status. The purpose of this study was to evaluate the relationship between health insurance type (commercial, managed care Medicaid, traditional Medicaid, or no insurance) and completion of the newborn hearing screen and rescreen protocols. It was hypothesized that the hearing screen protocol compliance would be less favorable for infants in families with both types of Medicaid insurance compared to infants in families with commercial Insurance.
METHODS
Newborn hearing screening is a standard of care in all nurseries in all Rhode Island birthing hospitals. Rhode Island has a single tertiary care center with a NICU, two level 2 birthing hospitals, and five level 1 birthing hospitals. Seventy percent of births in Rhode Island occurs in the tertiary care center. Efforts to inform parents of
OBJECTIVE:
The study objective was to evaluate the relationship among health insurance type, other demographic factors, and newborn hearing screen compliance and outcomes.
STUDY DESIGN:
The cohort consisted of 39,153 infants screened in Rhode Island between July 1, 1995 and June 30, 1998. Multivariate analyses were completed to evaluate relationships between health insurance type and completion of the in -hospital hearing screen and the rescreen, if indicated.
RESULTS:
Successful newborn screen rates ranged from 98.1% to 99.8%. Infants with traditional Medicaid insurance were more likely to not be screened ( p < 0.0001 ) and to not return for a rescreen ( p < 0.0001 ). Infants in families with managed care Medicaid had screen compliance similar to infants with commercial health insurance. Multivariate analyses revealed that Medicaid insurance, no insurance, neonatal intensive care unit status, and out -of -state address predicted no initial screen ( p < 0.001 ) and no rescreen ( p < 0.0001 ).
CONCLUSION:
In population -based health services, it is important that the effects of socioeconomic and demographic variables on outcomes be evaluated. Original Article
the hearing screen process consist of preadmission packet brochure distribution, teaching during prenatal classes, and video broadcasting on the hospital internal network. In addition, a hearing screen brochure is placed in the crib of each infant at the time of the hearing screen. The first stage of screening uses transient evoked otoacoustic emissions (TEOAE). If infants do not achieve pass criteria, an effort is made to repeat the TEOAE prior to discharge. As of January 1997, if infants did not pass the repeat TEOAE, an automated auditory brainstem response (AABR) at 35 dB nHL using the Natus Algo II was also completed prior to discharge. Infants who did not pass the TEOAE protocol ( July 1, 1995 1, -December 30, 1996 or the TEAOE/AABR protocol ( January 1, 1997-June 30, 1998) were asked to return for a rescreen at 2 to 6 weeks of age. Only the ears that did not pass were rescreened with TEOAE±AABR. Infants who did not pass the rescreen were referred for a diagnostic evaluation. Rhode Island hearing screen and demographic data are stored in RITRACK, an information management system. The program is a menu-driven system with standard reports on screen, rescreen, referral, diagnostic, and demographic data at the individual and summary levels. 2, 4 The system monitors important outcomes of the hearing screen program to verify the effectiveness of the hearing screen program and to confirm that program standards are met. The following data were abstracted from the data base: gender, nursery type, health insurance type, maternal address, and the presence of a risk factor for HL. 1 Maternal race was not consistently reported by all hospitals.
Statistical Analysis
Quality indicators for this study included the following: (1) number of infants completing the initial screen bilaterally, and (2) the rescreen return rate. The initial screen rate was based on all infants who had a screen of both ears. Lost infants are those with no screening contact at either the initial screen or rescreen. Circumstances contributing to a lost infant were explicit initial parental refusal, implicit parental refusal as evidenced by parental nonresponsiveness to RIHAP communication efforts (telephone, letters, visiting nurse outreach), and RIHAP's inability to contact families because of invalid addresses. The rescreen return rate was calculated for that cohort eligible for the postdischarge rescreen. This subpopulation included initial screen fails and incomplete (unilateral result) or invalid (invalid screen parameter) screens. Analyses were performed using the chi-square test, with screened (yes/no) and return status (returned/did not return) as the outcomes. Data were also collected on fails at each stage. All outcomes (by head) were analyzed by insurance type. For analysis of factors associated with pass/fail outcomes, only infants who could be classified as pass/fail were used in the analysis. Those with incomplete or inconclusive results were excluded. At each stage (initial screen and rescreen), an infant had to have passed both ears at or before that stage in order to be considered a pass. Categorical analyses were performed with pass/fail as the outcome, using the chi-square test. Analyses were conducted for outcomes of the initial screen (OAE/ABR), the rescreen, and the final pass/fail status following both stages (screen and rescreen). Logistic regression analyses were run to predict missing the initial hearing screen in the hospital and to predict missing the postdischarge rescreen. Predictor variables present in 98% of the sample were entered into the regression. Predictor variables from the data base included male versus female gender, NICU patients versus other nursery, traditional Medicaid health insurance versus commercial, managed care Medicaid versus commercial, uninsured versus commercial, a risk factor for HL versus no risk factor, and mother's residence out of state versus in state. As noted previously, underreporting of race resulted in the exclusion of race from this analyses.
Sample
Well-baby nursery and NICU survivors eligible for screening between July 1, 1995 and June 30, 1998 with documented health insurance status data were included in this study. Study criteria were met for 39,153 (96.5%) of 40,561 neonatal survivors. Table 1 shows the demographics of the 39,153 study subjects, which reflect the Rhode Island population. The majority of families have commercial insurance (71.6%) and race is predominantly white (75.5%). Ten percent of neonates are cared for in the NICU. A risk factor for HL occurred in 3.6% of infants, and 9.9% of infants' mothers had out-of-state addresses. Table 2 shows the hearing screen protocol compliance for the screen and rescreen relative to health insurance status. Infants with commercial insurance or managed care Medicaid insurance were more likely to complete both the screen and rescreen than infants with traditional Medicaid insurance or no insurance. Figure 1 is shown to demonstrate the complexity of data collection for the screen/rescreen process. Infants in the final fail category (n=226), incomplete category (n=6), and those who did not return (n=299) were referred for diagnostics (1.3% [n=531 of 39,153]). The 177 who were never screened were either lost or did not respond to multiple attempts to schedule a postdischarge screen. Table 3 shows the screen, rescreen, and diagnostic exam fail rates. Although univariate analyses indicated that fail rates at the initial screen were higher for infants with commercial insurance or traditional Medicaid insurance, this was not confirmed with logistic regression analysis. Fail rates at the rescreen and diagnostic were not impacted by insurance status. Rates for permanent HL in this population relative to insurance status were as follows: 2.4/1000 for commercial insurance, 2.7/1000 for managed care Medicaid, 3.1/1000 for traditional Medicaid, and 2.5/1000 for no insurance. Overall, only 177 (0.45%) of 39,153 infants missed the initial screen. This included 123/3803 (3.2%) of NICU infants and 52/ 35,306 (0.15%) of well-baby nursery infants. The regression model to predict an initial missed screen revealed that NICU status was the strongest predictor of a missed initial screen (Table 4 ). In contrast, having a risk factor for HL was protective. The second most powerful predictor of missing the screen was maternal out-of-state residence. After controlling for these variables, however, infants with Medicaid insurance were still 3.78 times more likely to have a missed screen and uninsured infants were 4.17 times more likely to miss the screen compared to commercially insured infants. Table 5 shows the logistic regression model to predict a missed rescreen. A NICU infant was almost six times more likely to miss the rescreen than a well-baby infant, and an infant with mother's address out of state was 1.8 times more likely to miss the screen. Heath insurance remained a significant predictor, with traditional Medicaid patients and uninsured patients 2.5 times and 3.1 times more likely to miss the rescreen than patients with commercial insurance. HL risk factor status was not a positive predictor for having a rescreen, although a strong interaction between a risk factor for HL and NICU, which was not unexpected, was documented. Interactions between a risk factor for HL and insurance status were not significant.
RESULTS

DISCUSSION
The state of Rhode Island began mandated universal hearing screening effective July 1, 1993. Since that date, the number of hospitals and states providing universal hearing screening in the US has continued to increase. 2,14 -21 As new programs are created, it is critical that administrators develop quality indicators to monitor the effectiveness of the program. 1,3 -5 Our data suggest that, in addition to identified screen indicators, an assessment of socioeconomic and demographic factors is necessary if improvements are to be made in system effectiveness. The American Academy of Pediatrics Task Force on Newborn and Infant Hearing 1 recommends that all programs establish and maintain a central monitoring and tracking system. The RITRACK indicators for the neonatal hearing screen program from July 1, 1995 to June 30, 1998 included the percent of infants screened (goal greater than 99%), a stage 1 screen fail rate less than 6%, and a rescreen return rate greater than 80%. As of 1994, a 99% statewide newborn screen rate was achieved. When we review the screen data relative to health insurance type, we see that a screen rate greater than 99% was not achieved for infants with traditional Medicaid insurance or no insurance. The reason is unclear, but factors such as early discharge, precipitous discharge, inadequate communication strategies, and nursery staff commitment may influence predischarge screen completion rates. Further evaluation of this finding is needed. States implementing universal hearing screening have reported that one of the most difficult quality indicators to achieve is the rescreen return rate and diagnostic evaluation completion. 17 -19 Multivariate analyses confirmed the importance of insurance status as a predictor of hearing screen and rescreen compliance after controlling for confounders. Our data demonstrate that infants in families with traditional Medicaid insurance or with no insurance are less likely to have the rescreen. Barriers to returning may include language barriers, no phone, no transportation, lack of understanding, fear of being charged a fee, and fear of diagnosis. A positive finding of our study is that families in the managed care Medicaid program had a rescreen return rate of 87%, which was similar to families with commercial insurance (90%). These higher compliance findings could be related to better parental skills in maneuvering the health care system, or that the managed care program itself provides an enhanced support system including transportation for medical appointments. In Rhode Island, families with Medicaid HMO insurance receive assistance with transportation for medical appointments.
There is obvious overlap between infants with HL risk factors and NICU infants. One would, therefore, empirically believe that NICU infants would be at decreased risk of not missing the initial screen or rescreen. Quite the opposite was found. Characteristics of the NICU population, including the following, may provide some explanations: (1) illness severity may delay screening; (2) there are more transfers back to a primary hospital, to a second tertiary care center, or a chronic care facility; (3) infants are at greater risk of rehospitalization after discharge; and (4) NICU infants are at increased risk of social and environmental factors described previously. Our findings indicate that additional efforts need to be made to screen all NICU infants prior to discharge. It is not surprising that maternal out-of-state address predicted that infants were less likely to have the screen or return for a rescreen. This may be secondary to a number of factors including: rapid retrotransfer to primary hospital, unexpected transfer, language barriers, lack of parental understanding of importance, lack of local screen facility, address or custody change resulting in ''lost child,'' parental reluctance to travel with a newborn, or other social/ environmental barriers including lack of transportation.
Although infants with a risk factor for HL are more likely to fail a hearing screen, 22 -26 universal screening has decreased the need for programs to collect risk factor data. A purpose of maintaining HL risk factor information is to identify infants who pass the screen but may be at risk of late-onset HL. Although the robustness of risk factor data collection was influenced by the variability of reporting by community hospitals, the data provided adequate HL risk factor information to evaluate the relationship between HL risk factors and completing the screen protocol. We speculate that knowledge of a risk factor for HL by hospital staff resulted in increased staff vigilance to achieve a screen prior to discharge. Data collection of HL risk factors, however, is labor-intensive and becomes less important if universal screening is in place. In addition, infants with risk factors for lateonset HL are frequently NICU graduates and participate in neurodevelopmental follow-up programs. Although our multivariate analyses confirmed a relationship between having a risk factor for HL and NICU status, we did not identify a relationship between risk factors for HL and insurance status.
Current recommendations of the American Academy of Pediatrics Task Force on Newborn Screening are for a referral rate for diagnostic evaluation of less than 4%. The overall fail rate for the screen was 6.3% during the study period. Since implementation of an inhospital second stage AABR screen, the statewide hospital fail rate has dropped to 2%. The hearing screen process (screen+rescreen) referral rate for a diagnostic evaluation during the study was 1.4% (226 fails+6 incompletes+299 who did not return for a rescreen). The identification rates of permanent HL for commercial insurance (2.4/1000), managed care Medicaid (2.7/1000), traditional Medicaid (3.1/1000), and the uninsured (2.5/1000) were all in ranges previously reported. 2,19 -21 The findings on the rates of identification of permanent HL must be viewed with caution because rates are often underreported. Two contributing factors are that diagnostic confirmation of HL is not a regulated reportable event and some infants are diagnosed out of state. In addition, until 100% compliance is achieved for screens, rescreens, and diagnostics, some infants with permanent HL will be missed in the newborn hearing screen process.
One conclusion is apparent. In population-based health services, it is important that the effects of socioeconomic and demographic variables on screen outcomes be evaluated. Traditional Medicaid health insurance and lack of any health insurance are markers for decreased compliance with a hearing screen program. Our findings suggest that to enhance hearing screen program effectiveness, public health resources need to be directed to improving service coordination for traditional Medicaid patients and assisting uninsured families in obtaining health insurance. The unexpected finding in the current study is that implementation of a managed care Medicaid program in Rhode Island has had a positive effect on utilization of services and access to care for hearing screen services.
